Background: It is not known whether perioperative chemotherapy, compared with adjuvant chemotherapy alone, improves disease-free survival (DFS) in patients with upfront resectable colorectal liver metastases (CLM). The aim of this study was to estimate the impact of neoadjuvant 5-fluorouracil, leucovorin and oxaliplatin (FOLFOX) on DFS in patients with upfront resectable CLM. Methods: Consecutive patients who presented with up to five resectable CLM at two Japanese and two French centres in 2008-2015 were included in the study. Both French institutions favoured perioperative FOLFOX, whereas the two Japanese groups systematically preferred upfront surgery plus adjuvant chemotherapy. Inverse probability of treatment weighting (IPTW) and Cox regression multivariable models were used to adjust for confounding. The primary outcome was DFS. Results: Some 300 patients were included: 151 received perioperative chemotherapy and 149 had upfront surgery plus adjuvant chemotherapy. The weighted 3-year DFS rate was 33⋅5 per cent after perioperative chemotherapy compared with 27⋅1 per cent after upfront surgery plus adjuvant chemotherapy (hazard ratio (HR) 0⋅85, 95 per cent c.i. 0⋅62 to 1⋅16; P = 0⋅318). For the subgroup of 165 patients who received adjuvant FOLFOX successfully (for at least 3 months), the adjusted effect of neoadjuvant chemotherapy was not significant (HR 1⋅19, 0⋅74 to 1⋅90; P = 0⋅476). No significant effect of neoadjuvant chemotherapy was observed in multivariable regression analysis. Conclusion: Compared with adjuvant chemotherapy, perioperative FOLFOX does not improve DFS in patients with resectable CLM, provided adjuvant chemotherapy is given successfully. 40983 trial 4 demonstrated that perioperative FOL-FOX (5-fluorouracil (5-FU), leucovorin and oxaliplatin) improved disease-free survival (DFS) compared with that found following surgery alone in patients with one to four resectable metastases. The authors did not, however, observe improved overall survival 5 .
Introduction
Adjuvant chemotherapy after resection of colorectal liver metastases (CLM) is currently recommended by European, Japanese and American guidelines, based on randomized trials and meta-analysis 1 -3 . The European Organisation for Research and Treatment of Cancer (EORTC) chemotherapy by matching them with patients having resection and adjuvant chemotherapy only may provide an indirect argument in favour of either strategy. This would be helpful for designing future studies. The aim of the present study was to evaluate the effect of neoadjuvant FOLFOX by comparing perioperative FOLFOX with adjuvant chemotherapy alone in patients with upfront resectable CLM using international multicentre data.
Methods
This was a multicentre observational study. Data were retrieved from specifically developed databases from two French centres (Paul Brousse Hospital, Villejuif, a hepatobiliary and transplant centre, and Gustave Roussy, Villejuif, a tertiary referral cancer centre) and two Japanese centres (Hospital of Tokyo University, Tokyo, and University of Kumamoto Hospital, Kumamoto). The rationale for using these cohorts was the different oncological strategy for upfront resectable CLM in France and Japan. The two French centres favoured perioperative chemotherapy in the majority of patients, whereas the two Japanese centres systematically proposed upfront resection and adjuvant chemotherapy. Of all consecutive patients who underwent a first hepatectomy for CLM between January 2008 and December 2015, patients with initially upfront resectable disease (up to 5 liver lesions on initial CT) who had macroscopic radical resections were included. Patients with extrahepatic disease, R2 resection, or in whom concomitant local ablative methods or hepatic arterial infusion chemotherapy were used, and those who received fewer than four cycles of neoadjuvant FOLFOX were excluded from the study ( Fig. 1) . Patients randomized to the no adjuvant chemotherapy arm of the Japanese randomized trial (UMIN C000000013) 9 and those who received adjuvant FOLFOX after resection of the primary tumour were also excluded.
The study design was discussed at all four centres and Institutional Review Board approval was not considered necessary.
Outcome
The endpoint of this study was DFS. The event of interest was either death or recurrence, regardless of location. As management of recurrence and chemotherapy regimens in second or third lines differed between Japan and France, overall survival was not considered in this study. Owing to the retrospective design of this study, all patients who had progressive disease or died during preoperative chemotherapy and never had a resection could not be analysed. Survival time was therefore calculated from the date of resection. Choosing the date of CLM diagnosis would have artificially increased the survival time of the group that received perioperative chemotherapy.
Upfront surgery and adjuvant chemotherapy group
This group included all Japanese patients and French patients who did not receive neoadjuvant chemotherapy. Adjuvant chemotherapy was mainly FOLFOX (FOL-FOX4 or FOLFOX6 or modified FOLFOX6) for a minimum duration of 3 months (6 cycles) 10 , although the recommended duration was 6 months 2 . Other regimens (XELOX (capecitabine and oxaliplatin), FOLFIRI (folinic acid, 5-FU and irinotecan), LV5FU2 (leucovorin and 5-FU), capecitabine, UFT (uracil and tegafur) and leucovorin) were given, according to the general condition of the patient, tolerance to oxaliplatin or preferences of the medical oncologist. Successful administration of adjuvant chemotherapy was defined as at least 3 months' treatment.
Perioperative chemotherapy group
The perioperative group consisted of patients who received at least four cycles of neoadjuvant chemotherapy. The standard was to propose four to six cycles of FOLFOX4 before surgery 11 . Progression while receiving chemotherapy was considered a contraindication to resection in the majority of patients, and a second line was usually proposed. When metastases disappeared after preoperative chemotherapy, the general policy was to remove the part initially affected by the tumour, except for deep lesions not visible during surgery. The choice of adjuvant therapy was mainly FOL-FOX4 in all centres for 3 months. Other regimens were considered if necessary.
Definition of resectability
Upfront resectability was defined as the possibility to achieve complete macroscopic resection with an estimated future remnant liver volume of at least 30 per cent of the standard liver volume 12 (Japan) or 0⋅5 per cent of bodyweight 13 (France). CLM were considered initially not resectable when two-stage hepatectomy and/or portal vein embolization was necessary.
Preoperative evaluation
In all centres systematic preoperative MRI was used increasingly during the study period. PET was indicated in patients suspected of having extrahepatic disease on conventional imaging, but was not done systematically during the study interval.
Surgical technique
Technical aspects have been described previously 14 -17 . A parenchyma-sparing policy was preferred at all centres. The objective of resection was to achieve microscopically complete resection. Resectability was decided after volumetric evaluation of future remnant liver. Intraoperative ultrasound imaging was used routinely by all centres. The pedicle clamping technique was commonly used during transection. A laparoscopic approach was seldom chosen.
Follow-up
The follow-up modalities of each centre have been published in detail previously 14, 15, 17, 18 . Briefly, thoracoabdominal CT and blood tests were performed every 3-4 months for the first 2 years after hepatectomy, and then every 6 months.
Statistical analysis
Categorical variables were compared using the χ 2 or Fisher's exact test, as appropriate. Continuous variables were compared with the Wilcoxon signed rank test. To adjust for confounders, two methods of propensity scoring were used successively. The propensity score was calculated by including confounding variables, which were selected to obtain the best compromise between the quality of balance and the number of variables. Increasing the number of co-variables makes it more difficult to obtain a correct balance of the weighted sample, especially when the cohort size is small. Priority was given to variables with both prognostic impact (based on the literature) 19, 20 and significant differences of distribution in the unweighted cohort. Finally, five variables were selected: age, lymph node status of the primary tumour, synchronous versus metachronous metastases, maximum tumour size, and number of tumours at diagnosis based on CT.
First, the inverse probability of treatment weighting (IPTW) method was applied. Although popular, propensity score-based matching is impaired by loss of information resulting from the impossibility of finding a matched pair for every patient in the experimental group. Therefore, when experimental and control groups are of similar size, IPTW should be preferred 21 . In IPTW, every patient is weighted by the inverse of the propensity score. This creates a pseudopopulation (weighted sample), with unchanged size, but in which patients have different weights. To avoid imbalance due to patients with extreme weights, all extreme weights outside the first and 99th percentiles were truncated to the value of the first and 99th percentiles respectively, as proposed previously 22 .
With IPTW, the outcome of the whole cohort is estimated for each treatment by extrapolating the observed result in treated patients (perioperative chemotherapy group) to that in the control group (upfront surgery plus adjuvant chemotherapy group) with similar propensity scores.
To detect misspecification of the model, means and prevalence of co-variables were compared using absolute standardized differences and the Kolmogorov-Smirnov test statistic, as recommended 23, 24 . The average treatment effect of neoadjuvant therapy was evaluated by weighted Cox regression model in the weighted sample. The bootstrap technique was used to estimate confidence intervals 25 .
A Cox proportional hazard model was then used. The propensity score was used to adjust for the effect of neoadjuvant FOLFOX on DFS. The variable neoadjuvant FOLFOX and the propensity score were forced into the model. The assumption of proportionality was verified with the Schoenfeld residuals. P < 0⋅050 defined statistical significance.
Results
Some 300 patients were included (Fig. 1) , 151 in the perioperative chemotherapy group and 149 in the adjuvant chemotherapy group. Median follow-up was 44 months. The overall 90-day mortality rate after hepatectomy was 0⋅3 per cent (1 patient). Median DFS was 24 months, with a 3-year DFS rate of 37⋅2 per cent. KRAS (exons 2 and 3) and BRAF (exon 15) statuses were available in 159 patients (53⋅0 per cent). Among tested tumours, BRAF mutation was not detected.
Patient and tumour characteristics
Patients in the perioperative chemotherapy group had a higher number of tumours, larger maximum tumour diameter and more synchronous disease ( Table 1) . Major hepatectomies were more often performed. Adjuvant chemotherapy was also different, with a higher proportion of patients treated by FOLFOX or FOLFIRI regimen in the perioperative group. The proportions of patients who finally did not receive adjuvant chemotherapy were not significantly different between the two groups. The proportion of patients with a KRAS mutation was not significantly different either.
Survival
There was no difference in DFS: median DFS 20 (range 17-27) months and 3-year DFS rate 31⋅4 per cent for the perioperative chemotherapy group versus 25 (20-32) months and 41⋅5 per cent respectively for the adjuvant chemotherapy group (P = 0⋅394) ( Fig. 2a) .
The diagnostic balance after weighting is shown in Table S1 (supporting information). Weighted cumulative survival probabilities were similar (3-year DFS rate of 33⋅5 per cent in the perioperative chemotherapy group versus 27⋅1 per cent in the adjuvant chemotherapy group). Neoadjuvant chemotherapy showed no association with DFS (hazard ratio (HR) 0⋅85, 95 per cent c.i. 0⋅62 to 1⋅16; P = 0⋅318). Median DFS after IPTW was 21 (18) (19) (20) (21) (22) (23) (24) (25) (26) (27) months in the perioperative group and 19 (14-24) months in the upfront surgery plus adjuvant therapy group (Fig. 2b) .
There was no significant difference in overall survival before and after weighting (Fig. S1 , supporting information).
Subgroup of patients who had successful adjuvant FOLFOX treatment
This subgroup included 165 patients (100 in the perioperative chemotherapy group and 65 in the adjuvant chemotherapy group). Baseline comparisons before adjustment are shown in Table 2 , Kaplan-Meier DFS curves in Fig. 3a (median DFS 21 (18-27) Values in parentheses are percentages unless indicated otherwise; *values are median (range). †KRAS exons 2 and 3, and BRAF exon 15. CEA, carcinoembryonic antigen. ‡χ 2 or Fisher's exact test, except §Wilcoxon signed rank test. (15) (16) (17) (18) (19) (20) (21) (22) (23) (24) (25) versus 23 (17-30) months respectively). The effect of neoadjuvant chemotherapy on DFS was not significant (HR 1⋅19, 95 per cent c.i. 0⋅74 to 1⋅90; P = 0⋅476) ( Fig. 3b) . Table S3 (supporting information). The multivariable Cox regression model, including neoadjuvant FOLFOX and the propensity score, found that the adjusted effect of neoadjuvant FOLFOX on DFS was not significant (HR 0⋅88, 95 per cent c.i. 0⋅64 to 1⋅22; P = 0⋅455) ( Table 3) .
Adjusted effect of neoadjuvant FOLFOX

Univariable analysis of DFS is shown in
Discussion
All randomized studies investigating perioperative chemotherapy versus adjuvant chemotherapy in patients with upfront resectable CLM have failed owing to recruitment issues. To gain more insight into this topic, this multicentre retrospective comparison between the two strategies was performed by including patients treated in France and Japan, distinct in their approach to resectable patients. Neoadjuvant FOLFOX did not improve DFS compared with upfront surgery followed by chemotherapy in patients with resectable CLM. These results suggest that upfront surgery plus adjuvant chemotherapy could be considered in patients with easily resectable disease, those with a high probability of receiving adjuvant treatment.
Upfront surgery is a valid option, provided that optimal adjuvant chemotherapy is administered effectively. This is of major importance as proponents of the neoadjuvant chemotherapy approach propose that giving chemotherapy before resection offers the best chance for a patient to receive chemotherapy successfully 5, 26 .
In the present study, 24⋅2 per cent of patients did not receive adjuvant chemotherapy after upfront surgery, mainly due to severe postoperative morbidity or mediocre general status. This suggests that upfront surgery should not be proposed to patients at high risk of postoperative complications or those requiring complex hepatectomies.
Neoadjuvant chemotherapy has already been explored as a treatment option in patients with resectable CLM. A review of literature 27 and a meta-analysis 28 concluded there was no clear benefit for neoadjuvant treatment when liver disease was upfront resectable. This analysis, however, was based mainly on single-centre studies focusing on the toxicity of preoperative chemotherapy and early outcomes. Several studies 29 -31 have shown no association of neoadjuvant chemotherapy with survival benefit in univariable or multivariable analysis. Similar findings were reported in patients with low oncological risk 32, 33 . All of these were singlecentre studies. Preoperative chemotherapy was indicated in patients with borderline resectable disease, which makes it difficult to compare the two strategies. A study based on the LiverMetSurvey registry did not observe any survival benefit after preoperative chemotherapy in resectable patients 34 . Although many groups were involved, this study was limited by the heterogeneity in the definition of resectability or in surgical expertise among centres.
In the present study, differences in baseline characteristics between the two groups before weighting may be surprising, but reflect differences between French and Japanese healthcare systems. In Japan, most liver resections are performed by certified hepatobiliary surgeons, whereas in France general surgeons commonly perform limited liver resections. As a result, French patients with easily resectable disease are rarely managed in specialized hepatobiliary centres.
It could be argued that lack of power and more advanced disease in the perioperative group explain the absence of difference between the two strategies. As power calculation a posteriori is known to be misleading 35 -37 , no post hoc power was calculated. Moreover, neither of the two methods (IPTW and Cox model) used for adjustment found any difference. The calculated increase of 6 per cent in 3-year DFS rates in the perioperative chemotherapy group after weighting may be clinically relevant. This analysis, however, was based on resected patients only. As a result, patients who never had a resection owing to disease progression while on chemotherapy were excluded, giving an advantage to the perioperative group in terms of tumour biology. Moreover, the subgroup analysis of patients who received adjuvant FOLFOX successfully suggests that neoadjuvant chemotherapy has no effect when optimal adjuvant chemotherapy is administered effectively. Thus, if a true difference exists, the expected effect may be lower than the increase in DFS rate of 6 per cent and a clinically relevant effect is unlikely.
Over the 8 years of the present study, only 300 patients from four high-volume centres met the inclusion criteria. This represents 22⋅2 per cent of the total number of patients who had surgery for CLM. This point is important for those willing to undertake a future trial, as it clearly indicates issues for achieving the planned recruitment and underlines the need to involve a large number of centres.
This study has several limitations. Beyond racial differences between groups and the possible impact on prognosis, differences in healthcare systems and in the preoperative workup (MRI, PET-CT) may also influence outcomes and limit comparability. Although four centres were involved, the size of the whole cohort remained limited. The retrospective design of this study precluded any true intention-to-treat analysis and determination of progression-free survival. The authors acknowledge that DFS is an imperfect endpoint. To limit bias, strict criteria for patient selection were applied to the study population. Surgical management across centres was comparable, including surgical volume, intraoperative ultrasound imaging and parenchyma-sparing policy. Two methods of adjustment were used to secure the present results, which affect the daily practice of treating resectable colorectal liver metastases.
